We study single-texture collapse using a leapfrog discretization method on a 30X30X30 spatial lattice. We 
I. INTRODUCTION Recently there has been a significant improvement in understanding the impact of texture formation and its dynamics on seeding large-scale structures in the universe. Texture is a cosmological defect formed during a phase transition in the early universe when the symmetry group G of a theory with a scalar field (t breaks down to a subgroup H in such a way that the third homotopy group of the vacuum manifold A=G/H is nontrivial. A texture can be defined as a region of space over which the field P winds around a significant portion of A. The winding of a texture is defined as the portion of A covered by the map P from the region of space where the texture is located onto AL. The winding of a texture is in general a real number, and a texture with winding one is preferred only as a minimum-energy configuration, but cosmologically this is not a constraint. An important feature of texture is that it is -according to Derrick's theorem [1] -unstable, i.e. , once formed, it collapses, with the field P unwinding from the vacuum manifold [2, 3] . Textures were originally discussed by Davis in Ref. [2] , but because of their instability against collapse, they were not believed to be cosmologically relevant. However, this instability was used by Turok in Ref. [4] to develop a model of large-scale structure formation based on late-time formation of textures. (Here "late" means around the time of equal matter and radiation t = t, .) Subsequently, there has been growing interest in trying to understand the formation [5 -7] and dynamics [8 -11] of textures and their impact on early-universe evolution.
An analytic solution [8] has been constructed for a texture in a fiat (i.e. , nonexpanding) space-time background, but there has neither been significant improvement in the analytic understanding of texture dynamics in an expanding universe, nor has anyone succeeded in treating the dynamics of textures with noninteger winding analytically. In this work we address the question of texture evolution numerically in both flat and expanding universes, and consider the influence of winding number on texture evolution. In a related paper, Perivolaropoulos [12] has investigated the evolution of radially symmetric textures using both analytical and numerical techniques, obtaining results which complement our results very nicely. Note that the general-relativistic collapse of global spherically symmetric texture configurations with winding number one has recently been studied by Durrer et al. [13] ,both numerically and analytically.
Recently the concept of critical ending number has been introduced [14] . It is defined as the winding below which the field configuration does not collapse but radiates away. On the basis of analytical arguments, it has been conjectured that the critical winding m, =0.5 for the case of a texture in a flat background. In this work we provide a precise identification of the signature of texture collapse. The signature is that the winding crosses zero, followed immediately by maxima in total and kinetic energies at the core of the texture.
A major goal of our investigations is to shed some light on single-texture collapse and its dependence on various initial conditions. Some aspects of the collapse signature, such as lumping of total and kinetic energy at the center of the texture at the time of collapse, and the shape of the core before collapse as a function of initial asymmetry, can give us a reliable input for calculating the masses of the seeds for large-scale structure of the universe, and anisotropies in cosmic microwave background radiation. In order to simulate texture evolution on a lattice, we begin with a simple action which admits textures S= f d'x ( -g)'"[g~(a.y)(aP)' -V(y, y') j, (3) where g~= diag(1, -a(t), -a(t), -a(t) ) is the metric and g = -a(t) the 
and evaluation of the field at time step n + 1 ann + i gr a+n + I/2+ann (8) In Eqs. (7) and (8) (7) and (8) gives the dynamics of the texture field. At time step n, the rescaled time t" is t"=1+n At.
The equations of motion (6) are nonlinear hyperbolic equations. It is important to investigate the stability of the evolution of the discretized equations of motion (7) and (8) . We use the Courant condition as a necessary criterion for stability, then check that energy is conserved in the flat-universe case. In our nonexpanding background simulations, total energy was conserved to within a few percent by the time of collapse (for example, see Fig. 1 below).
A major problem for the stability of Eq. (7) is a large realistic value of A, ,z, which we cannot possibly achieve. We choose A, ,~= 400, and this is the value for which we find that further increase in A, ,ff ( when r) 1 
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where r = (x la ) + (y Ib ) +(z ic ), with R chosen such that and P= 8 in order to sufficiently smooth out an energy shell that could be created at r =1 due to large radial gradients of field. For this choice of P and R, the interpolation factor [1 -e~'" "'] is close to one for all r (1, and thus does not alter the exact self-similar flat-space solution significantly inside the horizon. This ansatz localizes the initial texture configuration within a finite volume of radius r = 1, and the constant g is used to vary the texture winding. The parameters a, b, and c allow the introduction of asymmetry into the initial configuration. The texture is expected to start collapsing only when it enters the horizon. Therefore, we choose the texture diameter to be equal to that of the horizon at that time.
We now give a more detailed account of the influence of boundary conditions on texture evolution. We experimented with three different boundary conditions: periodic, reflective, and "antiperiodic" boundary conditions.
Periodic boundary conditions give a large wall of gra- 
D. Asymmetric con6gurations
Using the ansatz of Eqs. (9) and (10) 
III. RESULTS
In this section we present the results from our numerical simulations. We are looking for information regarding dynamics of the collapse of a single texture. Our objective is to find meaningful parameters that quantify the collapse.
In Fig. 1 we show the typical evolution of energies and winding as the collapse proceeds. Total energy in the 30X30X30 lattice is shown at the top of the figure. As we can see from the graph, total energy varies by not more than a few percent during collapse. Energies other than total energy of the lattice plotted on the graph are the energies at the core of the texture (where the core is defined as the ball of radius 2 lattice spacings around the center of the texture). The initial radius of the texture is [7] . The above discussion indicates the importance of the boundary and physical size of the lattice for the study of collapse time and critical winding. Fig. 4 Fig. 7 , where critical winding is plotted against z asymmetry a, . The upper and lower curves for each case correspond to upper and lower bounds on critical winding. The upper bound is the lowest winding for which we observed collapse, the lower bound is the highest winding for which there was no collapse. As the initial configuration is contracted in the z direction, the effect is as if the boundaries were pushed away along the z axis, and, as a consequence, the critical winding decreases.
Therefore, contraction along any axis of the texture makes unwinding more effective. A surprising feature of the graph is that although for small asymmetry, the critical winding is larger than for a nonexpanding back- total energy in the texture core vs winding (solid), and (c) maxima in kinetic energy in the texture core vs winding (dot-dashed). In order to obtain the energy density in energy units, one needs to rescale it with (g/t;), where g is the symmetry breaking scale, and t; the initial time of the simulation. moments. We have investigated this effect and find that for higher winding configurations, the collapse occurs with more power: more energy lumps during the collapse, resulting in more energy radiated after the collapse, and a higher negative maximum in Q"".
Analogous to Fig. 10, Fig. 11 shows the evolution of kinetic and total energies and the corresponding quadrupole momenta for a configuration with two axes contracted (asymmetry parameter a"~= 0.6, initial winding w0=0. 78). The diff'erence is that in this case it takes a longer time for the initial asymmetry to diminish, so that the quadrupole momenta cross zero a bit after the col- 
